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Purpose: Falls and fall-related injuries are highly prevalent among older adults. Falls negatively impact functional independence and 
quality of life, and are associated with increased morbidity, mortality, and healthcare costs. Sleep disorders in the older adults are 
a common phenomenon, with sleep quality gradually deteriorating as age increases. Cognitive frailty(CF) refers to the presence of both 
physical frailty(PF) and mild cognitive impairment(MCI) without simultaneous diagnosis of Alzheimer’s disease(AD) or other 
dementia. Epidemiological studies have confirmed the association between falls and sleep disorders, as well as CF. However, no 
studies have yet investigated the relationship between falls, sleep disorders and CF in hospitalized older adults with hypertension. Our 
study is to explore the relationship between falls and both sleep disorders and CF in hospitalized older adults with hypertension, 
providing a basis for fall prevention.
Patients and Methods: Demographic characteristics were collected from hypertensive patients aged 65 and above who were 
hospitalized in the Department of Geriatrics at Huaihe Hospital of Henan University, from July 2022 to June 2024. These patients were 
assessed for history of falls, sleep quality, CF, depression and nutritional status. Logistic regression analysis was used to examine the 
correlation between falls and both sleep disorders and CF.
Results: A total of 266 older adults with hypertension were surveyed in this study, of whom 108 reported having fallen once or more 
in the past year. Both sleep disorders and CF were significantly associated with an increased risk of falls (sleep disorders: OR=2.625, 
95% CI 1.214–5.678, P=0.014; CF: OR=5.920, 95% CI 2.632–13.314, P<0.001). Other significant risk factors included: 
Age (OR=1.119, 95% CI 1.055–1.188, P<0.001), Comorbidities (OR=2.855, 95% CI 1.353–6.024, P=0.006), 
Polypharmacy (OR=4.126, 95% CI 1.937–8.793, P<0.001), Compared to hospitalized older adults with hypertension with good 
nutritional status, those with malnutrition had a 4.698-fold higher risk of falls (95% CI 1.724–12.800, P=0.002).
Conclusion: The incidence of falls was higher among hospitalized older adults with hypertension. Both sleep disorders and CF were 
strongly associated with falls in this patient population.
Keywords: falls, sleep disorders, CF, hospitalization, older adults, hypertension

Introduction
Falls refer to an event that causes a person to inadvertently rest on the ground, floor or other lower level. According to the 
International Classification of Diseases,10th Revision (ICD-10), falls are categorized into two types (World Health 
Organization, 2008): (1) falls from one surface to another, (2) falls within the same surface. Research has shown that the 
fall incidence rate among elderly people in the United Kingdom is 30%.1 In the United States, 27.5% of community- 
dwelling adults 65 years or older reported at least 1 fall in the past year (714 falls per 1000 older adults) and 10.2% 
reported a fall-related injury (170 fall-related injuries per 1000 older adults) in 2018.2 In 2019, in mainland China, the 
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incidence rate of falls among people aged 60 years and older was 3799.4 (95% uncertainty interval [UI] 3062.4–4645.0) 
new falls per 100000 population, and 39.2 deaths (21.8–48.8) per 100000 population and 1238.9 DALYs (920.5–1553.2) 
per 100000 population were due to falls.3 Each year, one-third of adults aged 65 and older, and half of those over 80, 
experience falls.4 Studies have found that elderly individuals with hypertension have an increased risk of falling.5 Falls 
not only impact the quality of life of elderly individuals but also extend their hospitalization time, imposing a heavy 
economic burden on their families. In the United States, medical expenses related to falls are estimated to approach 
$50 billion annually.6 Scholars have conducted extensive research on the risk factors for falls, including gender, age, 
muscle weakness, gait and balance disorders, vision impairment, foot or ankle joint diseases, history of falls, fear of 
falling, polypharmacy and more.4 Early identification of fall-related risk factors can help identify individuals who may 
benefit from appropriate interventions and prevent future injuries.

As people age, their physiological functions gradually decline, including changes in circadian rhythms and sleep 
structure, which ultimately lead to a decrease in sleep quality and the onset of sleep disorders.7 A multinational study on 
health aging and retirement conducted in 16 European countries among individuals aged 50 and above revealed that sleep 
problems are highly prevalent among older Europeans, with the prevalence ranging from 16.6% in Denmark and Italy to 
31.2% in Poland.8 In addition, the US National Health and Aging Trends Study (NHATS) found that 28% of participants 
aged 65 and older reported poor sleep quality.9 A sleep survey in Japan among individuals with diabetes aged over 65 
found a prevalence of sleep disorders of 44.8%.10 Multiple studies have shown that sleep disorders are associated with 
falls in the elderly and are a significant risk factor for falls.11 A study evaluating sleep quality among Chinese elderly 
people using the Pittsburgh Sleep Quality Index (PSQI) found that poor sleep quality was associated with an increased 
risk of falls and recurrent falls.12 Additionally, several components of the sleep quality assessment (sleep quality factor, 
sleep latency factor, sleep efficiency factor and sleep disturbance factor) were consistently associated with falls and 
recurrent falls.13 The Brassington study found that after controlling for other risk factors, difficulties falling asleep, 
waking up during the night, and early morning awakenings with an inability to fall back asleep were all linked to both the 
occurrence and frequency of falls in the elderly.14

With the aging population, diseases related to aging, such as frailty and cognitive decline, have significantly 
increased. In recent years, it has been observed that frailty and cognitive impairment are common among older 
adults, and their interaction forms a vicious cycle, ultimately contributing to the onset of CF.15 In 2013, 
a consensus expert group from the International Academy on Nutrition and Aging (IANA) and the International 
Association of Gerontology and Geriatrics (IAGG) first defined CF as: (1) the simultaneous presence of PF and 
MCI (Clinical Dementia Rating [CDR] = 0.5); (2) excluding diagnosed AD or other dementias.16 Research has 
shown that cognitive impairment and frailty increase the risk of falls,17–20 and CF better predicts falls and other 
adverse outcomes in older adults, such as disability, functional impairment, and death.21–24 Studies have indicated 
that CF is independently associated with falls among elderly individuals in both urban and rural communities in 
China.25

Although the correlation between sleep disorders, CF, and falls has been reported, similar studies have not been 
conducted in hospitalized older adults with hypertension. It is well known that hypertension, sleep disorders, 
cognitive impairment, and frailty are common among the elderly, and the prevalence of these conditions increases 
with age.26–28 Hypertension and sleep quality are interrelated: hypertension can make individuals more susceptible to 
insomnia, and excessive focus on their physical condition may lead to anxiety and depression, which affect blood 
pressure control. This, in turn, increases vascular stress, endothelial injury, and the production of active substances, 
ultimately contributing to the development of sleep disorders.29 Furthermore, hypertension is a common risk factor 
for frailty and cognitive decline.30,31 Therefore, we believe it is necessary to focus our research on the specific group 
of hospitalized older adults with hypertension. Our goal is to explore whether the occurrence of falls in this group is 
associated with sleep disorders and CF, and whether this association is stronger than in older adults without 
a diagnosis of hypertension. This study aims to understand the relationship between falls and both sleep disorders 
and CF in hospitalized older adults with hypertension in China, providing a basis for fall prevention in this 
population.
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Materials and Methods
Clinical Data
This study focused on hospitalized older adults with hypertension treated at the Department of Geriatrics, Huaihe 
Hospital of Henan University from July 2022 to June 2024. The inclusion criteria were: (1) age≥65 years; (2) having 
received antihypertensive treatment or a history of hypertension; (3) stable condition and able to cooperate with the 
completion of relevant assessments. Exclusion Criteria: (1) Patients with severe hearing or visual impairment, dementia, 
or psychiatric disorders (eg, schizophrenia, bipolar disorder) that would impair normal communication and cooperation; 
(2) Patients in the terminal stages of diseases (eg, end-stage malignant tumors).

Methods
Collection of General Demographic Data
A self-designed questionnaire was used to collect data from all enrolled patients. This included information on gender, 
age, smoking history (defined as smoking more than 20 cigarettes per day for more than 6 months), alcohol consumption 
history (defined as drinking more than 20 g per day for more than 6 months), and education level (categorized as 
illiterate, primary school, junior middle school, senior high school and above). Height and weight were measured, and 
Body Mass Index (BMI) was calculated. A detailed inquiry about past medical history was conducted, including grading 
the severity of hypertension and stratifying the duration of hypertension (≤10 years, >10 years). The presence of 
comorbidities (defined as the coexistence of two or more chronic diseases) was assessed,32 along with the patient’s 
medication use, to determine if polypharmacy was present.Polypharmacy was defined as concurrent use of ≥5 medica-
tions (including both prescribed and over-the-counter drugs) for ≥28 days prior to admission, excluding topical agents, 
short-term medications (eg, antibiotics for <7 days), and PRN drugs. Two pharmacists independently cross-verified 
medications using Electronic Health Records, brought containers, and family interviews.

Falls
In this study, a fall is defined as “an unintentional descent to the ground or a lower level, not caused by a sustained, 
violent blow, loss of consciousness, stroke-related paralysis, or a sudden seizure”.33

The definition of a fall was communicated to the study participants. Falls were measured based on the participants’ 
responses to the question, “In the past 12 months, have you experienced any falls?” If the response was “Yes”, the 
participant was considered to have had a fall. Similarly, if the response was “No”, the participant was considered not to 
have experienced any falls.To minimize recall bias, particularly among participants with cognitive impairment, all 
reported fall events were cross-verified through a three-tiered approach: (1) medical record review screening for fall- 
related ICD-10 codes (W00-W19) or documented injuries consistent with fall mechanisms (eg, fractures, contusions) in 
emergency department and outpatient records; (2) caregiver verification through standardized questionnaires for com-
munity-dwelling participants’ family members and real-time documentation via hospital incident reporting systems for 
inpatients; (3) application of strict inclusion criteria requiring either ≥1 independent verification source (medical records 
or caregiver reports) or self-reports with detailed circumstantial descriptions (time/location/injury) confirmed by research 
staff.

Sleep Quality
The PSQI was used for assessment,34 consisting of 7 dimensions: subjective sleep quality, sleep latency, sleep duration, 
sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction. Each dimension is scored on 
a scale of 0 to 3, with the total PSQI score ranging from 0 to 21. A higher score indicates poorer sleep quality. A total 
score ≤5 indicates no sleep disorder, while a score >5 suggests the presence of sleep disorder.

Cognitive Frailty
CF refers to PF and MCI (excluding dementia) in older adult individuals. We used the Frailty Phenotype(FP) and Mini 
Mental State Examination(MMSE) to measure CF.35,36 The FP is used to evaluate PF and includes five physiological 
indicators: involuntary weight loss, fatigue, reduction in grip strength, reduction in walking speed and reduction in 
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physical activity. The total score ranges from 0 to 5. A score of 0 indicates no frailty, a score of 1 or 2 indicates the 
prophase of frailty, and a score from 3 to 5 indicates frailty. The MMSE is used to evaluate the cognitive function of 
individuals. The score ranges between 0 and 30. The higher the score is, the better the cognitive function. The MMSE 
scoring standard is based on the patient’s educational level: illiterate≤17 points, elementary school education≤20 points, 
and secondary school or higher≤24 points, with scores below these thresholds indicating cognitive impairment.37 It 
should be emphasized that an unauthorized version of the Chinese MMSE was used by the study team without 
permission, however this has now been rectified with PAR.T he MMSE is a copyrighted instrument and may not be 
used or reproduced in whole or in part, in any form or language, or by any means without written permission of PAR 
(www.parinc.com).

Depression
The Geriatric Depression Scale (GDS-15) was used for depression evaluation.38 This scale assesses the participant’s 
emotional status over the past week with 15 questions. Participants answer “Yes” or “No” to each question. A score of 1 
point is given for depressive symptoms, with a maximum score of 15. A total score of ≥5 points indicates the presence of 
depression.

Nutritional Status
The Mini Nutritional Assessment (MNA) was used to evaluate the nutritional status.39 The MNA includes 18 items, with a total 
score of 30 points. The scoring criteria are as follows: MNA > 24 points: indicates good nutritional status, 17 ≤ MNA ≤ 23.5 
points: suggests potential risk of malnutrition, MNA < 17 points: indicates malnutrition.

Sample Size Calculation
The sample size was estimated a priori using G*Power 3.1 for binary logistic regression. Based on literature reporting 
a 30% fall incidence among older hypertensive patients without sleep disorders,1 138 participants were required to detect 
an OR=2.5 for the sleep disorder-fall association (α=0.05, power=0.80). Accounting for 15% variance explained by 
covariates (age, sex, polypharmacy, etc). and 20% attrition, we planned to recruit 173 participants. The final sample size 
was expanded to 250 to ensure adequate power for cognitive frailty analyses (target OR=4.0) and subgroup explorations.

Statistical Methods
This study used SPSS 29.0 software for statistical description and inference. For continuous data, normality was tested 
using the Kolmogorov–Smirnov test, and homogeneity of variance was tested using Levene’s test. Data following 
a normal distribution or approximately normal distribution were expressed as mean±standard deviation (SD), with 
comparisons between two groups performed using the t-test. For data that did not follow a normal distribution, the 
median (interquartile range) was used, and comparisons between two groups were made using the Wilcoxon rank-sum 
test. Categorical data were expressed as frequency and percentage, and comparisons were conducted using the chi-square 
test. Multicollinearity was evaluated by calculating variance inflation factors (VIFs), where VIF values exceeding 5 were 
considered indicative of substantial multicollinearity. To address highly correlated variables, we either excluded one of 
the redundant variables or created composite variables through appropriate transformations. Variables demonstrating 
statistically significant differences in univariate analyses were included in the binary logistic regression model, with 
statistically significant predictors subsequently identified through forward stepwise selection based on the likelihood ratio 
(LR) criterion. The significance level was set at α= 0.05, and a P < 0.05 was considered statistically significant.

Results
The final sample of 266 participants surpassed the a priori estimated requirement (n=250), achieving >99% statistical 
power for the primary exposures (sleep disorders and cognitive frailty) at α=0.05. Among the 266 hospitalized elderly 
hypertensive patients, 108 experienced falls within the past 12 months, with a fall incidence rate of 40.6%. Of the 108 
falls analyzed, 46% (n=50) were confirmed by medical records, 32% (n=34) by caregiver reports, and 22% (n=24) by 
self-report only. Other statistical data, including gender, age, BMI, smoking history, alcohol consumption history, 
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education level, duration and classification of hypertension, comorbidities, polypharmacy, as well as sleep quality, CF, 
depression and nutritional status, are shown in Table 1. The results of univariate analysis of falls in hospitalized older 
adults with hypertension are as follows (Table 1): The fall incidence rate differed significantly in terms of age, BMI, 
comorbidities, polypharmacy, sleep disorders, CF, cognitive impairment, frailty, depression, and nutritional status 

Table 1 General Demographic Data and Univariate Analyses

Variables Number (n=266) Fall (n=108) Non-Fall (n=158) t/Z/χ2 P

Sex,n(%) 1.404 0.236

Male 120(45.1) 44(40.7) 76(48.1)

Female 146(54.9) 64(59.3) 82(51.9)

Age group,n(%) 50.411 <0.001

65–74 116(43.6) 24(22.2) 92(58.2)

75–84 96(36.1) 42(38.9) 54(34.2)

≥85 54(20.3) 42(38.9) 12(7.6)

BMI,n(%) 8.731 0.013

<18.5 kg/m2 22(8.3) 12(11.1) 10(6.4)

18.5–24.9 kg/m2 148(55.6) 68(63.0) 80(50.6)

>25 kg/m2 96(36.1) 28(25.9) 68(43.0)

Smoking, n (%) 0.295 0.587

Yes 50(18.8) 22(20.4) 28(17.7)

No 216(81.2) 86(79.6) 130(82.3)

Drinking, n (%) 0.234 0.629

Yes 48(18.0) 18(16.7) 30(19.0)

No 218(82.0) 90(83.3) 128(81.0)

Education level,n (%) 6.123 0.106

Illiterate 34(12.8) 20(18.5) 14(8.9)

Primary school 46(17.3) 20(18.5) 26(16.5)

Junior middle school 56(21.0) 20(18.5) 36(22.8)

Senior high school and above 130(48.9) 48(44.5) 82(51.8)

Duration, n (%) 2.896 0.089

≤10years 100(37.6) 34(31.5) 66(41.8)

>10years 166(62.4) 74(68.5) 92(58.2)

Hypertension classification*,n (%) 3.385 0.184

Grade 1 32(12.0) 10(9.3) 22(13.9)

Grade 2 84(31.6) 30(27.8) 54(34.2)

Grade 3 150(56.4) 68(62.9) 82(51.9)

(Continued)
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(P<0.05). However, there were no statistically significant differences in fall incidence rate regarding gender, smoking 
history, alcohol consumption history, education level, hypertension duration or hypertension classification (P > 0.05).

Multicollinearity diagnosis was performed for factors showing statistical significance in univariate analyses (includ-
ing age, BMI, comorbidities, polypharmacy, sleep disorders, CF, cognitive impairment, frailty, depression, and nutritional 
status) (Table 2). The results revealed significant multicollinearity among CF (VIF=5.118), frailty (VIF=6.400), and 

Table 1 (Continued). 

Variables Number (n=266) Fall (n=108) Non-Fall (n=158) t/Z/χ2 P

Comorbidities,n (%) 19.322 <0.001

Yes 110(41.4) 62(57.4) 48(30.4)

No 156(58.6) 46(42.6) 110(69.6)

Polypharmacy,n (%) 15.350 <0.001

Yes 124(46.7) 66(61.1) 58(36.7)

No 142(53.3) 42(38.9) 100(63.3)

Sleep Disorders,n (%) 46.216 <0.001

Yes 130(48.9) 80(74.1) 50(31.6)

No 136(51.1) 28(25.9) 108(68.4)

CF,n (%) 82.885 <0.001

Yes 84(31.6) 68(63.0) 16(10.1)

No 182(68.4) 40(37.0) 142(89.9)

Cognitive Impairment,n (%) 46.216 0.001

Yes 130(48.9) 80(74.1) 50(31.6)

No 136(51.1) 28(25.9) 108(68.4)

Frailty,n (%) 50.875 <0.001

Frailty 122(45.9) 78(72.2) 44(27.8)

Prophase of Frailty 86(32.3) 18(16.7) 68(43.0)

No Frailty 58(21.8) 12(11.1) 46(29.2)

Depression,n (%) 18.109 <0.001

Yes 116(43.6) 64(59.3) 52(32.9)

No 150(56.4) 44(40.7) 106(67.1)

Nutritional status,n (%) 75.712 <0.001

Good nutritional status 106(39.8) 26(24.1) 80(50.6)

Risk of malnutrition 92(34.6) 24(22.2) 68(43.0)

Malnutrition 68(25.6) 58(53.7) 10(6.4)

Notes: *Grade 1 hypertension: Systolic blood pressure 140–159 mmHg or diastolic blood pressure 90–99 mmHg; Grade 2 hypertension: 
Systolic blood pressure 160–179 mmHg or diastolic blood pressure 100–109 mmHg; Grade 3 hypertension: Systolic blood pressure 
≥180 mmHg or diastolic blood pressure ≥110 mmHg.
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cognitive impairment (VIF=6.120). Given that CF exhibited relatively lower VIF values and encompasses both cognitive 
and physical functional dimensions, we retained CF while excluding the other two variables from subsequent analyses.

The occurrence of falls was used as the dependent variable, and factors with statistical significance and collinearity 
diagnosis VIF < 5 in univariate analysis (age, BMI, comorbidity, polypharmacy, sleep disorders, CF, depression, 
nutritional status) were analyzed using forward logistic regression. The inclusion criterion was 0.05, and the exclusion 
criterion was 0.10. The results show (Table 3): Age was associated with falls in older adults with hypertension (95% CI 
1.055–1.188, P < 0.001). The fall risk in hospitalized older adults with hypertension with comorbidities was 2.855 times 
higher than those without comorbidities (95% CI 1.353–6.024, P = 0.006). Polypharmacy was associated with 4.126- 
times greater fall risk (95% CI 1.937–8.793, p<0.001). Patients with poor sleep quality had 2.625-times increased fall risk 
relative to those with good sleep quality (95% CI 1.214–5.678, p=0.014).CF conferred a 5.920-fold elevated risk of falls 
(95% CI 2.632–13.314, p<0.001). Malnourished patients demonstrated 4.698-times higher fall risk than well-nourished 
patients (95% CI 1.724–12.800, p=0.002).

Table 2 Multicollinearity Diagnosis

Variables Tolerance VIF Mitigation Approach

Age group 0.759 1.318 Retained

BMI 0.794 1.260 Retained

Comorbidities 0.875 1.143 Retained

Polypharmacy 0.926 1.079 Retained

Sleep Disorders 0.577 1.732 Retained

CF 0.195 5.118 Retained

Cognitive Impairment 0.163 6.120 Excluded

Frailty 0.156 6.400 Excluded

Depression 0.641 1.560 Retained

Nutritional status 0.607 1.647 Retained

Table 3 Forward Logistics Regression Analysis

Variable β SE Wald OR (95% CI) P

Age 0.113 0.030 13.880 1.119 (1.055,1.188) <0.001

Comorbidities 1.049 0.381 7.581 2.855 (1.353,6.024) 0.006

Polypharmacy 1.417 0.386 13.486 4.126 (1.937,8.793) <0.001

Sleep Disorders 0.965 0.394 6.013 2.625 (1.214,5.678) 0.014

CF 1.778 0.414 18.495 5.920 (2.632,13.314) <0.001

Nutritional status

Good nutritional status 19.977 <0.001

Risk of malnutrition −0.753 0.442 2.894 0.471 (0.198,1.121) 0.089

Malnutrition 1.547 0.551 9.150 4.698 (1.724,12.800) 0.002
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Discussion
This study explores the relationship between falls and both sleep disorders and CF in hospitalized older adults with 
hypertension, as well as the factors influencing falls. Previous studies have found that sleep disorders and CF are 
associated with falls. However, no relevant studies have specifically focused on older adults with hypertension. Our 
research results indicate that there is a significant correlation between falls and both sleep disorders and CF in 
hospitalized older adults with hypertension.

In our study, the prevalence of falls was 40.6%, which is higher than the results of several other studies (13.1% to 
25.4%).40–43 This may be related to the fact that our study was conducted in an elderly hypertensive population. 
International studies also show that falls are a major issue among the older adults, with more than 30% of community 
residents aged 65 and older experiencing at least one fall within a year, and elderly individuals with hypertension having 
the highest incidence.44 Previous studies have shown that a history of falls, fear of falling, use of antihypertensive 
medications, and poor medication adherence are all significant factors contributing to the high incidence of falls in this 
population.45 Furthermore, these patients experience vascular sclerosis and reduced sensitivity of pressure receptors, 
making them more vulnerable to factors such as emotions, infections, fatigue, and other fall-inducing conditions, which 
ultimately lead to falls.

Our study found that sleep disorders are associated with falls in hospitalized older adults with hypertension. In 
longitudinal studies, poor sleep quality has been shown to be a significant factor influencing falls.46 Research by Kanda 
et al indicated that sleep deprivation is associated with white matter lesions, which are known to be an important risk 
factor for falls in the elderly.47,48 Shortened sleep duration, due to insomnia, fragmented sleep, and poor sleep quality, 
may result in poor physical performance, thereby increasing the risk of falls.49,50 Individuals with insomnia may have 
poorer balance control, alertness, attention, and slower response times,51 all of which can increase the risk of falls. 
Avidan et al found that insomnia could predict subsequent falls.52 Unresolved insomnia or insomnia unresponsive to 
hypnotic treatments resulted in a significantly higher risk of falls, with a greater number of falls occurring compared to 
participants without insomnia. A study in Boston, after adjusting for multiple covariates, found that the likelihood of falls 
increased by 32% in adults with insomnia, and insomnia was significantly associated with fall risk in individuals aged 60 
and older, as well as in women, but not in adults younger than 60 or in men, this study also found that insomnia was not 
associated with recurrent falls.53 Other studies have shown that the use of pharmacological treatments for sleep, such as 
sedative-hypnotics, increases the risk of falls.54 Older adults who take sleep medications are at a higher risk of falls 
compared to those who do not use sleep medications,55 with the exposure rate to sleep medications among US 
participants as high as 20.9%. Chen et al found that elderly individuals who used doctor-recommended sleep medications 
had a higher risk of falls, regardless of the severity of their insomnia symptoms.56 The potential mechanisms behind fall 
risk associated with sedative-hypnotics seem to involve daytime sedation, dizziness, psychomotor impairment, loss of 
balance, and residual effects of the medication on the following day. Both sleep disturbances themselves and the 
medications used to treat them may contribute to falls.57 However, sleep medications may alleviate insomnia symptoms 
in elderly individuals and potentially reduce the risk of subsequent falls. Thus, further research is needed to explore the 
impact of sleep medications on the occurrence of falls. Recent studies also show that sleep problems can affect 
psychological states, which in turn influence the occurrence of falls. Poor psychological states have been shown to 
affect fall risk, and psychological state partially mediates the relationship between self-reported sleep quality and falls.58 

Poor sleep quality may impair emotional regulation, increasing the risk of depression and anxiety. These mood disorders 
can further compromise patients’ attention, reaction time, and executive function, thereby elevating the risk of falls. 
Depression is associated with hyperactivity of the hypothalamic-pituitary-adrenal (HPA) axis, which may lead to muscle 
atrophy and impaired balance. Depressed patients may also reduce physical activity, accelerating muscle loss and 
functional decline. Anxiety, on the other hand, may trigger overly cautious or exaggerated gait patterns, further increasing 
the likelihood of falls.59 It is important to note that our study did not examine the relationship between various 
dimensions of sleep and falls. Therefore, further studies are needed to clarify the correlation between different aspects 
of sleep and fall risk in the older adults with hypertension.
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In our study, the risk of falls in hospitalized older adults with hypertension with CF was 5.920 times higher than in 
those without CF (OR=5.920, 95% CI 2.632–13.314,P<0.001). This suggests that a thorough assessment for CF should 
be conducted in older adults with hypertension to prevent falls. A cross-sectional study categorized 1,192 individuals 
aged 70 and older into three groups: MCI, frailty, and CF. Through interviews regarding falls in the past year, the study 
found that the CF group had significantly more falls than the other two groups.43 This result aligns with Ma et al,25 and 
similarly, our study found that CF is a Key risk factor for falls in older adults with hypertension. Tsutsumimoto et al 
collected data from 10,202 community-dwelling elderly individuals and found that CF was not only associated with falls 
but also with fall-related fractures, the risk of fall-related fractures in individuals with CF (OR = 1.92, 95% CI 1.20,3.08, 
P = 0.007) was higher than in those with only cognitive decline or frailty.40 Frailty is considered a precursor to disability 
in older adults, increasing the likelihood of falls, disability, and other common clinical events, which significantly reduce 
the quality of life and increase mortality.60 Literature also shows that frailty is an independent risk factor for falls, with 
the risk of falls correlating positively with the severity of frailty. Frail elderly individuals have a significantly higher risk 
of falls compared to non-frail individuals, and the frequency of falls is generally higher, particularly among those aged 75 
and older.61 Frailty increases the risk of falls, and the adverse consequences of falls, such as soft tissue injuries and 
fractures, further exacerbate frailty. Studies have reported that elderly individuals with cognitive impairment have 
a 70–80% higher probability of falling within a year compared to their cognitively normal peers of the same age.62 

Research suggests that cognitive decline leads to various symptoms, including impairments in processing speed, 
attention, planning ability, reaction time, memory, and executive function, all of which can further impair balance, 
walking rhythm, slow down gait speed, and increase gait variability. Moreover, central nervous system dysfunction can 
lead to decreased muscle strength, further triggering falls.63 A study examining the relationship between MCI and falls 
found that individuals with MCI had a significantly higher risk of falling,17 as cognitive decline impairs elderly 
individuals’ ability to process and respond to external information effectively. Thus, CF and the associated cognitive 
decline should be considered important factors in fall prevention strategies for elderly hypertensive patients, emphasizing 
the need for early identification and intervention to reduce fall risks.

In the demographic data of this study, age was found to be closely associated with falls in older adults with 
hypertension (OR=1.119, 95% CI 1.055–1.188,P<0.001), which is consistent with findings from several other 
studies.64,65 These studies generally included elderly participants without distinguishing whether they were diagnosed 
with hypertension. Aging is associated with the varying degradation rates of organs, tissues, muscles, cells, and other 
bodily components. The incidence of falls is notably high in elderly individuals, especially among the older age groups. 
Relevant studies suggest that in elderly women, a decline in estrogen levels results in reduced osteoblast and osteoclast 
activity, leading to a significant decrease in bone density. This, coupled with poor physical function and an increased 
prevalence of osteoporosis, makes older women more susceptible to falls. Furthermore, elderly women are often more 
engaged in household chores and activities such as square dancing, and they may be more prone to negative emotions 
and reduced attention, further increasing their fall risk.66 However, Zhao et al reported in a study of community-dwelling 
elderly individuals that men were more likely to fall than women.67 Previous studies have found that after adjusting for 
malnutrition, both age and male gender were independently associated with inpatient falls.68 In our study, we found no 
significant gender difference in fall risk among older adults with hypertension. This suggests that, in the context of 
hypertension, gender may not be a differentiating factor for fall risk, which warrants further investigation.

Chronic diseases are recognized as significant risk factors for falls in the elderly, and the more chronic diseases an 
elderly person has, the higher their incidence of falls.69 This finding aligns with our study results. Lee et al observed that 
among 11,000 elderly individuals, those with chronic diseases had a significantly higher fall incidence compared to those 
without chronic diseases.70 In another study of 12,669 Medicare-enrolled community-dwelling elderly individuals in the 
US, Shumway-Cook et al found that the number of comorbidities was associated with an increased likelihood of falls, 
particularly among those who had fallen one or two times or more in the previous year.71 Several acute or chronic 
conditions, such as osteoporosis, diabetes, urinary incontinence, and cardiovascular diseases, are well-established fall risk 
factors.72 For example, elderly individuals with cardiovascular disease may experience ischemia in the heart or brain, 
which can trigger chest pain, dizziness, or syncope, ultimately leading to falls. In a national longitudinal study by Ye Tian 
et al involving 11,618 participants, it was found that the risk of falls during the follow-up period significantly increased 
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with the number of chronic diseases at baseline.73 There was a clear dose-response relationship between the number of 
chronic diseases at baseline and the occurrence of falls during follow-up. Specifically, elderly individuals with two or 
more chronic diseases at baseline had a significantly higher risk of falling during the follow-up period. Furthermore, 
participants who had a history of falls at baseline were at a notably higher risk of developing multiple chronic diseases 
compared to those without a fall history.

Our study also indicates that polypharmacy is associated with falls in older adults with hypertension. A case-control 
study on elderly individuals aged 70 years and above found that for each additional medication taken, the risk of falls 
increased by 1.02 times.67 The medications that most significantly impact fall risk include psychotropic drugs, cardio-
vascular medications, antidiabetic drugs, and analgesics.74–76 There is no universally accepted definition of polyphar-
macy, but the most common criterion is the use of five or more medications.77 Studies have shown that using≥5 
medications is associated with an increased risk of falls, disability, and mortality in elderly individuals.78 Polypharmacy 
may increase the risk of falls through drug-drug or drug-disease interactions, leading to adverse side effects.79 The 
American Geriatrics Society (AGS) fall prevention guidelines recommend reducing the number of medications for 
patients taking more than four drugs as an effective strategy to prevent falls.80 Furthermore, polypharmacy due to 
comorbidities is widespread in the elderly population. Some studies suggest that polypharmacy in older adults is 
primarily a result of multiple chronic health conditions, which may lead to complex pathophysiological changes in the 
body.81 However, there is also research that takes a different stance. For example, KOJIMA et al argued that 
polypharmacy, rather than multimorbidity itself, is the factor most strongly associated with increased fall risk in elderly 
outpatients.82 Other studies suggest that chronic conditions, such as depression, hypertension, and chronic obstructive 
pulmonary disease (COPD), do not significantly influence the relationship between polypharmacy and falls.83 Therefore, 
prospective and interventional studies are needed to clarify the causal relationship between polypharmacy, comorbidities, 
and falls.

Previous research has consistently shown that malnutrition is a significant risk factor for falls.84 Trevisan et al 
reported in a systematic review that malnutrition increased the fall rate among community-dwelling elderly individuals 
by approximately 1.5 times.85 In addition, a nationwide survey in Taiwan (the Taiwan Longitudinal Survey on Aging) 
found that, among 97.5% of elderly individuals capable of walking, malnutrition risk was associated with an increased 
likelihood of falls.86 Yuria Ishida et al further highlighted that the fall risk during hospitalization was 2.7 times higher for 
malnourished patients compared to those who were not malnourished.68 Eckert et al used screening data from elderly 
individuals receiving supportive home care services and identified a significant association between malnutrition risk and 
fall risk.87 After adjusting for demographic factors and other fall risk factors, they found that a higher risk of malnutrition 
was significantly associated with an increased likelihood of falls compared to those at low risk of malnutrition. Some 
scholars believe that malnutrition increases fall risk through associated conditions such as sarcopenia and frailty,88 as 
well as the role of nutrition in maintaining muscle and bone health.89 Our study also confirms that malnourished older 
adults with hypertension demonstrated 4.698-times higher fall risk than well-nourished patients (95% CI 1.724,12.800, 
p=0.002).

Strengths and Limitations of This Study
This study has certain limitations. First, the data were collected cross-sectionally, which only allows for the study of 
influencing factors, but not causal inference. We plan to conduct further follow-up on this cohort and examine long-
itudinal data in the future. Second, due to issues with database accessibility, this study was unable to collect data on home 
environmental factors, which limited the analysis of home-related risk factors for falls among the elderly. Additionally, 
we did not include epidemiological data on falls, such as the location, time, consequences, and disease burden of falls. 
Third, this study did not investigate the relationship between various dimensions of sleep and falls.Fourth, the rough 
diagnosis of MCI is one of the limitations of this study. We used the MMSE to diagnose MCI without assessing the 
independence of daily living activities. A more comprehensive neuropsychological evaluation may aid in the diagnosis of 
MCI. Fifth, this study did not systematically collect patients’ medication usage data (including polypharmacy status, 
specific drug categories, and duration of use). We recommend that future research incorporate medication burden 
assessment to improve risk prediction models. Sixth,venth, the findings of this study are primarily applicable to 
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hospitalized older adults with hypertension with similar high-risk characteristics (eg, multimorbidity and polypharmacy), 
and thus may not be directly generalizable to healthier aging populations. Future studies should validate these results in 
patient groups with fewer comorbidities and limited medication use. Therefore, future research should use more 
comprehensive and high-quality databases to conduct longitudinal studies, enhance the explanatory power of causal 
inference, and carry out relevant epidemiological investigations, predictive studies, and intervention research. This will 
provide a strong reference for the development of effective strategies and interventions for preventing and controlling 
falls in the elderly.

Conclusion
In conclusion, our research results indicate that both sleep disorders and CF were strongly associated with falls in 
hospitalized older adults with hypertension in China. Old age, comorbidities, polypharmacy and poor nutritional status 
play important roles in the risk of falls in this patient population. These findings provide valuable guidance for decision- 
making in fall prevention. Based on the identification of CF (OR=5.92) and sleep disorders (OR=2.625) as key 
modifiable risk factors, we recommend implementing the following preventive strategies: conducting CF assessments 
for all hospitalized older adults with hypertension, screening for sleep problems using the PSQI, and providing early 
multidisciplinary team management for those who test positive.
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